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The Genetics of Hearing Loss 
in the Palestinian Population

Why Hearing Loss?

Laboratory

Hereditary
Research

Hearing Loss in the Palestinian Population*

Gender Population Affected Individuals Percentage

Females 1,495,055 2,410 0.16

Males 1,524,649 2,885 0.18

•Does not include those parts of Jerusalem annexed by Israel in 1967.

Palestinian Central Bureau of Statistics, 1999. Population, Housing and Establishment Census 1997, 
Statistical Brief. (Summary of Census Results) Ramallah –Palestine.
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Hearing loss affecting the Palestinians is severe to 
profound bilateral congenital sensorineural in nature  

XX X X
X

X RIGHT EAR

LEFT EAR

Sample audiogram of an affected individual from Family K

Normal Mild Moderate Severe Profound

25dB 45dB 65dB 85dB0dB 100dB

Classification of Hearing Loss

There is no policy yet that addresses hearing loss as a public 
health  threat. 

Limited number of specialized schools for the deaf

Education is limited to up to the age of 16

Chances for rehabilitation are minimum and limited to vocational
training

Lack of database

The HRL is interested in the basic science that addresses 
relevant problems and ties it to the new advancement in the field 
of genetics
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Top view of hair cell, 
showing stereocilia 
projecting from top of hair 
cell. 
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stereocilia
cuticular
plate

Hair bundle

supporting
cells

Auditory/Vestibular stimulus 
Stereocilia deflection 
Opening of ion channels & entrance of Ca++ and K+ ions 

Ca++ 
K+

Hair cell depolarization   
Neurotransmitter release at synapse

Hair cell
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Classification of Deafness

Deafness

Ototoxic drugs
Acoustic trauma
Bacterial infections
Viral infections

Environmental

~50%

Genetic

~50%

Syndromic
Alport                 Norrie
Pendred               Usher
Waardenburg
Branchio-Oto-Renal
Jervell and Lange- Nielsen

~30%

Non-syndromic

Autosomal Dominant 
(DFNA1- DFNA40)

Autosomal Recessive  
(DFNB1- DFNB33)

X-Linked  
(DFN1- DFN8)

Mitochondrial

~70%

~22%

~77%

~1%

<1%
Resendes et al. 2001
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DFN = deafness, DFNA = autosomal dominant, DFNB = autosomal recessive, 
OTSC = otosclerosis, DFNM = modifier, DFN = X-linked

Loci Associated with Nonsyndromic Hearing Loss

Genes for Hearing Loss in Middle Eastern Families in our Project

Connexin 26

POU4F3

MYO3A

TMPRSS3

Otoancorin

Pendrin

Cadherin 23

MYO15A

TRIOBP

Pejvakin

Others still unknown

Expression of connexin 26 in the cochlea

Stria
vascularis

Spiral 
ligament

Supporting 
cells

Sensory 
hair cells

Spiral 
limbus

Fibrocytes
Supporting cells 

Potassium 
ions

MwoI digest

Family S - GJB2.167ΔT

11 12 9 8141013

2122 1617181920

23 282724 25 26 29 1 2 3 4 5

7 6

• GJB2 mutations in 17 of 156 (11%) HHI Palestinian families

• 5 different mutations: 167ΔT, 35ΔG, IVS1(+1)G>A, 233ΔC, Trp77Arg
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Connexin26 GJB2
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Splice Junction

235 delC
W77R
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# of times seen
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Family W - TMPRSS3 988ΔA
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D356V
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Family BR - Otoancorin 1067A>T (Asp 356 Val)
Non-conservative change in transmembrane domain

FokI digest
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716T>ATT

AT

Family Y - Pendrin 716T>A (Val 239 Asp)

Enlarged Vestibular Aqueduct by CT scan in Family Y

Wildtype
Normal hearing

239 Asp 
homozygote
Hearing lossCo- localization of 

wild type  versus 
716T>A Pendrin 

Mutation site, last base of 
Exon 8 (G to T)

TAG, stop Codon
First base of exon 9

GT GGTT
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Family BF - Pendrin 1001 G>T
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AB 3 AB 4 AB 5 AB 8

AB 1 AB 2 AB 9 AB 10 AB 6 AB 7

Palestinian Family AB
Prelingual nonsyndromic hearing loss

0

2

4

6

8

10

12

C
on

tig
uo

us
 M

B
 o

f h
om

oz
yg

os
ity

10q 14q16q 20q1p 3q
Chromosome

Palestinian Family AB 
Homozygosity of AB 3, 4, 6, 9

Siemens et al. 2004 NATURE, VOL 428

Cadherin 23 is a component of the tip link in 
hair-cell stereocilia
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AB 3 AB 4 AB 5 AB 8

AB 1 AB 2 AB 9 AB 10 AB 6 AB 7

TT TT

TT TTCC

CCTC TC TC

TC

GG GG GG GG GG

GG GG GG

AA

GA

Cadherin 23.2065 C>T (exon 15) = Pro 559 Ser
Cadherin 23.3571 G>A (exon 26) = Glu 1061 Lys

Palestinian Family AB

Israeli Family Z

1943 1938 1940 1948 1945 1943 1943

1971 1972 1975 1980 1986 1978 1978

TT TT TT TT TT

TT TT TT TTGT

GG

Cadherin 23.8293 G>T (exon 25) = Val 2635 Phe

Family Z

Cadherin 23 mutations 
in Families AB and Z

2065 C>T = Pro 559 Ser

3571 G>A = Glu 1061 Lys

8293 G>T = Val 2635 Phe
extracellular

cytoplasmic

NH2

COOH
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G
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A
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NciI digest

3571 G>A

CDH23 Pro559Ser

• Highly conserved and buried domain
• Significant substitution
• Disrupt domain structure

CDH23 Glu1061Lys • Ca2+ binding domain
• Substitution of + for - charged residue
• Disrupt Ca2+ binding

CDH23 Val2635Phe

• Highly conserved domain
• Substitution of larger Phe residue at 
2635 may interfere with Glu at 2706
• Disrupt domain structure

ConSURF prediction

Family A - Pejvakin 762 C>T (R136X)
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Microsatellite markers from homozygous region of 17p

MYO15A sequencing in progress
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Figure 1. Orthodox Christian Families with HHI linked to 6.3 MB on 22q13

A. B.

Figure 2.  Homozygosity mapping
Marker MB chr22 kb gap K AX
D22s1045 35.78 1 2
CARD10 snp 36.16 380 A G
rs2064134 36.20 38 G A
rs2235337 36.20 5 G A
rs2076087 36.20 2 G A
MSE55 SNP 36.21 4 A A
rs2235338 36.21 1 A A
rs2281097 36.21 0 C C
rs2294972 36.25 44 B B
HaeIII 36.30 51 B B
(CA)51 36.41 103 3 3
(TGGT)12 36.41 5 2 2
BspDI 36.52 105 A A
MIRAB13 exon8 36.56 48 A A
Sox10.1205 36.61 48 A A
D22s1156 36.62 12 2 2
(AC)24 36.62 0 3 3
rs139897 36.64 17 G G
rs713991 36.67 27 G G
(AATA)12 36.74 70 2 2
(CA)24 36.78 45 3 3
rs135766 36.96 171 C C
rs196105 37.03 75 A A
rs5757091 37.06 33 G G 939 kb
rs138459 37.14 78 A B
D22s272 37.33 187 3 2
rs909564 37.37 41 A B
rs16394 37.54 166 A A
(CA)25 37.55 12 2 1
(AC)83 37.60 55 3 1
rs2294367 37.72 120 G C
(TAGA)19 37.76 37 2 3
(TTTC)27 37.83 67 2 1
rs2285097 37.87 38 A A
(TC)43 37.88 17 2 1
D22s1155 37.98 98 1 1
rs137698 37.99 9 B B 316 kb
D22s428 38.20 208 1 3
CACNA snp 38.32 121 A C
D22s284 38.56 241 4 1
D22s530 38.62 59 2 1
D22s423 38.63 7 2 2
rs2072858 38.95 326 B A
rs760701 39.04 92 A B
D22s534 39.21 165 1 3
D22s279 39.27 57 1 3
(CA)19 39.54 277 2 1
Ep300 T->C 39.79 251 C T
rs2076578 39.81 19 C C
rs139507 39.89 82 A B
rs2273071 40.03 139 T C
rs19573 40.11 75 B A
rs2076198 40.17 63 T T
(CA)23 40.20 28 2 1
D22s276 40.26 55 3 3
D22S1267 40.30 41 2 3
(CA)27 40.44 141 3 2
(TA)18 40.46 22 1 4
rs1009544 40.48 23 G C
D22s1157 40.48 1 1 1
rs133291 40.51 30 B B
rs1894713 40.58 66 G A
rs1023500 40.58 5 T C
D22s1178 40.63 50 3 4
rs7245 40.72 91 B A
D22s537 40.88 158 2 4
rs2076089 41.03 143 B A
rs3788593 41.19 164 B B
rs2284088 41.27 83 B B 259 kb
D22s1166 41.28 13 2 3
D22s417 41.34 51 1 3
rs2013730 41.42 86 A B B
rs1076118 41.53 109 A B
D22s418 41.65 119 3 3
D22s1151 41.77 122 1 1
D22s1179 41.82 52 3 REC
D22s282 42.09 270 REC

Family AK

Family AZFamily A17

Family X7

Mutations in TRIOBP in 9 Palestinian families

C
C

C
T

C
T

TT

NlaIII digest

C
T

TT C
C

BfaI digest

A
A

G
A

G
G

ApaI digest

R347X - Families K, AX, AY, BD

G1019R - Family X7 

Q581X - Families AK, AZ, A17, AE

P       P       C       R       V       C       I      G/R H       R       D        A       P       R       A

N       P       R       T       S        C        A       X R       D      N        P       R       A  

P       R       A        S        S        P      S      R/X S       T        Q       L        D       N        P

TRIOBP (TRIO and F-actin Binding Protein)

• Filamentous actin (F-actin) binding protein
• Associates with the TRIO guanine nucleotide exchange factor
• Regulates actin cytoskeleton organization



7

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

2 
5 
2 
1 
1 
3 
1 
7 
1 
2 
1

2 
5 
2 
1 
1 
3 
1 
7 
1 
2 
1

2 
5 
2 
1 
1 
3 
1 
7 
1 
2 
1

1 
1 
3 
3 
1 
2 
2 
0 
1 
5 
4

1 
1 
3 
3 
1 
2 
2 
0 
1 
5 
4

3 
6 
4 
2 
1 
1 
3 
2 
1 
4 
1

3 
6 
4 
2 
1 
1 
3 
2 
1 
4 
1

3 
6 
4 
2 
1 
1 
3 
2 
1 
4 
1

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
4 
3 
4 
1 
1 
1 
8 
2 
3 
4

2 
2 
4 
2 
1 
3 
3 
0 
1 
2 
3

2 
2 
4 
2 
1 
3 
3 
0 
1 
2 
3

2 
2 
4 
2 
1 
3 
3 
0 
1 
2 
3

3 
4 
3 
4 
1 
1 
1 
7 
3 
1 
2

3 
4 
3 
4 
1 
1 
1 
7 
3 
1 
2

3 
4 
3 
4 
1 
1 
1 
7 
3 
1 
2

5 
6 
5 
1 
3 
2 
4 
6 
2 
5 
4

5 
6 
5 
1 
3 
2 
4 
6 
2 
5 
4

2 
2 
3 
4 
1 
1 
1 
8 
2 
3 
4

2 
2 
3 
4 
1 
1 
1 
8 
2 
3 
4

3 
3 
4 
3 
1 
3 
2 
8 
1 
2 
1

3 
3 
4 
3 
1 
3 
2 
8 
1 
2 
1

D2S2314 
D2S1224 
D2S148 
D2S2173 
D2S385 
D2S324 
D2S2978 
D2S2261 
D2S384 
D2S2310 
D2S364

6 MB
2q31

D22s283 
D22S272 
D22S423 
D22S276 
D22S1178 
D22S418

1 
1 
1 
1 
1 
1

1 
1 
1 
1 
1 
1

1 
1 
1 
1 
1 
1

3 
3 
3 
4 
3 
2

3 
3 
3 
4 
3 
2

5 
1 
3 
1 
2 
1

5 
1 
3 
1 
2 
1

5 
1 
3 
1 
2 
1

5 
2 
3 
2 
1 
4

5 
2 
3 
2 
1 
4

4 
1 
3 
1 
1 
3

4 
1 
3 
1 
1 
3

4 
1 
3 
1 
1 
3

4 
1 
3 
1 
1 
3

4 
1 
3 
4 
3 
1

4 
1 
3 
4 
3 
1

4 
1 
3 
4 
3 
1

4 
1 
3 
4 
3 
1

4 
1 
3 
1 
3 
1

4 
1 
3 
1 
3 
1

4 
1 
3 
1 
3 
1

4 
1 
3 
1 
3 
1

3 
3 
3 
4 
3 
2

6 
1 
2 
2 
3 
2

6 
1 
2 
2 
3 
2

6 
1 
2 
2 
3 
2

6 
1 
2 
2 
3 
2

2 
1 
4 
1 
1 
5

22q
7 MB

281

Q581XTRIOBP

R136X

PEJVAKIN

Prelingual nonsyndromic 
hearing loss

Palestinian Family A1

Jn3

Jn1Jn2Jn4Jn5Jn15 Jn14

Jn13Jn16 Jn18 Jn19Jn17 Jn20 Jn21 Jn12Jn11Jn10Jn9Jn8Jn7Jn6

Family J: Prelingual profound NSHL

Mapping in progress

Gn3

Gn2 Gn1

Gn9 Gn4Gn5Gn6Gn7

Gn8

Gn10Gn11Gn12

Gn13Gn14

Gn18Gn15 Gn16 Gn17

Family G: Prelingual profound NSHL

Mapping in progress

C7 C6 C1 C3

C2 C4

C29 C27 C28 C26

Palestinian Family C
Prelingual profound NSHL
Mapping in progress

Conclusions

• Inherited hearing loss in the Palestinian population is highly heterogeneous, both 
in the number of genes involved and in the number of alleles at each gene. 

• Alleles responsible for hearing loss in this population are individually very rare.

• Families with hearing loss who are wildtype for GJB2 are likely to harbor novel 
alleles, either of known hearing-related genes (as in these three families) or of 
previously unknown genes. 

• We have identified and cloned a new gene (TRIOBP) that underlines hearing 
loss in nine Palestinian families. 

• Studies of multiple Palestinian kindreds are in progress to identify and 
characterize  yet unknown genes. 

Laboratory

Hereditary
Research
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